Introduction {#S6}
============

Enlargement of upper-body adipose tissue depots, either visceral or truncal subcutaneous depots, in obese individuals is a risk factor for metabolic dysfunction in diabetes, obesity and atherosclerosis whereas lower-body adiposity appears protective^[@R1]--[@R5]^. Although men tend to store lipid more in the visceral depot and women in the lower-body, both men and women demonstrate marked variability regarding regional fat distribution. Epidemiological studies indicate that a suboptimal intrauterine environment -- including poor maternal nutrition, predisposes to diabetes, visceral obesity and metabolic syndrome^[@R6]^ suggesting that adiposity levels and fat distribution phenotype could be programmed prenatally. Current research efforts are focused on elucidating the alterations in adipose tissue development, hormone levels, and epigenome (reviewed in ^[@R7]^) that may lead to adult obesity. However, there are limited data on the influence of poor maternal nutrition on the variation in maturation of fetal adipose tissue from different depots that may contribute to the development of specific distinct body fat distribution phenotypes later in life.

Adipose tissue mass is a function of adipocyte size (hypertrophy) and number (hyperplasia). The contribution of each may vary among fat depots. Fat cell number depends on the abundance of adipocyte precursor cells and ability of adipocyte progenitor cells (preadipocytes) to form new fat cells through proliferation and adipocyte differentiation (adipogenesis). Studies in mice and pigs show that the formation of the pool of adipocyte precursors through commitment of mesenchymal stem cells to adipocyte lineage and the preadipocyte proliferation starts prenatally within the mural compartment of the adipose tissue vasculature (a progenitor niche), which further governs adipocyte differentiation^[@R8]--[@R10]^. Adipogenesis in perirenal adipose tissue during fetal development and early postnatal life in sheep undergoes profound modifications^[@R11]^. Adipogenesis starts with a phase of intense proliferative activity of primordial adipose tissue followed by adipocyte differentiation characterized by dominant features of brown adipose tissue (pronounced expression of the specific marker UCP1) in late gestation to meet the increased need for heat production associated with the changes in the temperature from \~40°C in the womb to the lower temperature of the extrauterine environment. After birth, there is a gradual transformation of brown to white phenotype of adipogenesis characterized by a complete loss of UCP1 expression to adapt to the new diet containing higher amounts of lipids^[@R11]^. Thus, the fetal and early postnatal periods appear to be a critical time for the enrichment of the adipocyte precursor pool and to accomplish functional adjustments.

To improve understanding of effects of maternal suboptimal nutrition on adipose tissue function, we examined the impact of moderate maternal nutrient reduction (MNR) on *in vitro* adipocyte differentiation in adipose-derived stromal-vascular cells (ASCs) from omental, subcutaneous abdominal and femoral adipose tissue depots in control normally grown baboon fetuses (CTR) of well-nourished mothers and fetuses of mothers fed 70% global diet of CTR from 30 d pregnancy to term (MNR), a nutrient challenge that leads to intrauterine growth restriction (IUGR) ^[@R12]^ and a pre-diabetic phenotype by puberty^[@R13]^. We hypothesized that decreased fetal nutrient availability would accelerate the brown-to-white alteration in differentiation of adipose tissue in a fetal sex dependent manner.

Materials and methods {#S7}
=====================

Animal management and sample collection {#S8}
---------------------------------------

Baboon (Papio species) singleton pregnancies were studied at the Southwest National Primate Research Center at the Texas Biomedical Research Institute (TBRI). Healthy female baboons of similar body weights (10--15 kg) were randomly assigned to outdoor group cages and maintained in social groups of 10--16 with a vasectomized male. At the end of the acclimation period (30 days), a fertile male was placed in each breeding cage. Pregnancy was dated initially by timing of ovulation and changes in sex skin color and confirmed at 30 days of gestation (0.16G; term, \~184 days) by ultrasonography. Details of animal housing and environmental enrichment have been published elsewhere^[@R14]^. The model of 30% global maternal nutrient reduction from 30 days of pregnancy to term has been described in detail^[@R15]^. The pregnant baboons were fed Purina Monkey Diet 5038 containing protein 15.7%, fat 6% by acid hydrolysis, and glucose 0.29% (the full composition of Monkey Diet 5038 can be found at <http://labdiet.com/pdf/5037-5038.pdf>). Cesarean sections were performed under general anesthesia using standard techniques as previously described^[@R16]^. Fetuses were euthanized by exsanguination while still under general anesthesia. Mothers were allowed to recover from surgery and returned to their group housing. Paired fetal adipose tissue samples from omental (OM), subcutaneous abdominal (scA), and subcutaneous femoral (scF) regions were collected from twenty near-term (165 days gestation (dG)) baboon fetuses. We studied CTR fetuses of *ad libitum* fed mothers (5 female and 5 males) and fetuses of mothers fed the 70% global diet eaten by CTR (MNR, 5 female and 5 males). All procedures were approved by the TBRI and University of Texas Health Science Center, San Antonio Institutional Animal Care and Use Committees and studies were conducted in AAALAC accredited facilities. Tissues were removed from the fetus under aseptic conditions, placed in Hank\'s buffered salt solution and shipped at room temperature to the Pennington Biomedical Research Center.

Adipocyte differentiation {#S9}
-------------------------

Within \~24 h from collection, adipose tissue was digested enzymatically and adipose derived stromal-vascular cells (ASCs) isolated as previously described^[@R17]^. Cultures were expanded in 10% fetal bovine serum (FBS) and third passages were frozen until samples from all fetuses were available for batch processing in a single assay.

Frozen adipose tissue culture samples were thawed and further expanded in culture plates coated with a soluble extract of Engelbreth-Holm-Swarm tumors (E-C-L; Millipore, cat No. 08-110), 5µg/cm^2^. Upon reaching confluence, cells were switched to a differentiation cocktail comprised of DMEM-F12 (1:1) medium supplemented with 3% FBS, 10 mg/mL transferin, 33 µM biotin, 17 µM calcium pantothenate, 0.5 µM insulin, 0.1 µM dexamethasone, 0.2 nM tri-iodo-thyronine, 60 µM indomethacin, 1 µM roziglitazone, and 0.5 M IBMX (the last three components for the first 3 days only) for 9 days. Cells were harvested for RNA and protein isolation.

Quantitative real-time PCR {#S10}
--------------------------

RNA was isolated and cleaned using RNeasy kit (QIAGEN, Valencia, CA). The yield and purity RNA were determined using Nanodrop^®^ ND1000. qRT-PCR was used to determine the relative gene expression levels of fatty acid binding protein 4 (*FABP4*, Hs01086177_m1), adiponectin (Hs00605917_m1), peroxisome proliferator-activated receptor gamma (*PPARγ*, Hs01115513_m1), uncoupling protein 1 (*UCP1*, Hs00222453_m1), and T-box 15 (*TBX15*, Hs00537087_m1) after ASC differentiation. *TBP* (Hs99999910_m1) was used as an internal control. Of note, all the primers were from Applied Biosystems (Life Technologies, US). Fifty ng of cDNA template per sample was amplified on the ABI prism 7900HT by qPCR. The gene expression was determined in relation to the mean value for the subcutaneous abdominal ACS using the ΔΔCt method.

Immunoblotting {#S11}
--------------

At the end of the differentiation protocol, ASC cells were harvested in a non-denaturing buffer containing 150 mM NaCl, 10 mM Tris pH 7.4, 1mM EGTA, 1mM EDTA, 1% Triton-X 100, 0.5% Igepal CA-630, 1 µM phenylmethylsulfonyl fluoride (PMSF), 1 µM pepstatin, 50 trypsin inhibitory milliunits of aprotinin, 10 µM leupeptin, and 2 mM sodium vanadate and frozen. Next, the samples were thawed, needled, and centrifuged at 14,000 × g at 4°C for 10 minutes. Supernatants containing whole cell extracts were analyzed for protein content using bicinchoninic acid assay. Three males and three females from each CTR and MNR, which has the largest, smallest and the median values of the respective mRNA levels were selected for the Western blotting. Samples from the three depots of the individual fetuses were pooled and 50 µg of the samples were loaded on to the 10% polyacrylamide gel. Protein from brown adipose tissue of mice (30 µg) was also loaded as a positive control for UCP1. Proteins were then transferred to a PVDF membrane and were probed with antibodies that recognize UCP1 \[kindly donated by Dr. Gettys, Pennington Biomedical Research Center, Baton Rouge, LA; see more details in ^[@R18]^, PPARγ (Santa Cruz \#Sc-22022, dilution 1:200; run on a separate blot), FABP4 (R&D-AF804, 1:2000), peroxisome proliferator-activated receptor gamma, co-activator 1 alpha (PGC1α; Abcam-ab77210, 1:1000), cytochrome c oxidase subunit 4 (COXIV; Cell Signaling-4844S, 1:1000), and tubulin (loading control; Cell Signaling-2148S), followed by secondary antibody conjugated with horseradish peroxidase. Signals were detected by enhanced chemiluminescence, and quantitated using AlphaEaseFC analyzer software and normalized to tubulin in the corresponding blot.

Histological analysis of adipose tissue {#S12}
---------------------------------------

At necropsy white adipose tissues from OM, scA and scF depots of male and female baboon fetuses were fixed in 4% paraformaldehyde overnight and paraffin embedded. Sections (5 µm) were stained with hematoxylin and eosin. Images from 5 fetuses from each sex in both treatment groups were collected using a Hamamatsu NanoZoomer Digital Slide Scanning System (Hamamatsu City, Japan). Adipocyte lobules were manually outlined and adipocytes within these clusters counted using 20X magnification and Image J (NIH) software by an investigator blinded to the tissue source. Adipocyte number was expressed per unit area (mm^2^). By this method, a larger adipocyte number per unit area signifies smaller adipocyte size.

Statistical analysis {#S13}
--------------------

Expression of adipogenesis-related genes was analyzed by two-way ANOVA, in which we used 1) maternal diet, depot and maternal diet × depot interaction and 2) maternal diet, sex and maternal diet × sex interaction as fixed effects and the baboon fetus ID as a random effect, followed by Tukey adjustment for the pair-wise comparisons. The effect of maternal diet on protein expression was analyzed for each sex using Student's t-test. The effect of maternal diet and adipose tissue depot and their interaction on adipocyte number per unit area (an indirect inverse measure of adipocyte size) were analyzed for each sex and then combined by two-way ANOVA. SAS (Version 9.1; SAS Institute, Cary, NC) was used for analysis. Data are expressed as Mean ± SEM and significance set at *P* \< 0.05.

Results {#S14}
=======

Fetal Morphometry {#S15}
-----------------

Male MNR fetuses had lower weight and abdominal circumference than CTR males (762 ± 24 g vs. 884 ± 49 g, *p* = 0.03 and 13.5 ± 0.3 cm vs. 15.5 ± 0.6 cm, *p* = 0.01, respectively). Body weight and abdominal circumference were similar between MNR and CTR female fetuses (752 ± 43 g vs. 794 ± 40 g, *p* = 0.2 and 13.9 ± 0.6 cm, vs. 14.7 ± 0.5 cm, *p* = 0.2, respectively). The crown-rump length was similar in CTR and MNR fetuses of both sexes (males: CTR, 27.4 ± 0.9 cm vs. MNR, 26.4 ± 0.8 cm, *p* = 0.5 and females: CTR, 25.3 ± 1.9 cm vs. MNR, 26.4 ± 1.6 cm, *p* = 0.7).

Expression of white and brown adipogenesis-related genes {#S16}
--------------------------------------------------------

Although the maternal diet and depot each had no effect on the gene expression of terminal adipogenic genes, we found a significant interaction between diet and the fetal sex ([Figure 1](#F1){ref-type="fig"}); i.e. maternal suboptimal nutrition increased the expression of adipogenesis-related genes in male but not female fetuses. Specifically, while expression of adipogenic genes in CTR female and male fetuses was similar, expression of the classical adipogenic transcription factor *PPARγ* and its targets *FABP4*, adiponectin, and to a remarkable degree *UCP1* was higher in male MNR compared to female fetuses ([Figure 1](#F1){ref-type="fig"}). Likewise, we found a significant interaction between diet and the fetal sex regarding *TBX15* gene expression ([Figure 1](#F1){ref-type="fig"}). Specifically, the expression of *TBX15* was higher in CTR female vs. male fetuses (p = 0.03). MNR females showed lower*TBX15* expression than female CTR (*p* = 0.03) as opposed to males, in whom MNR was associated with a trend to increased expression (*p* = 0.08). Thus, the expression of *TBX15* tended (*p* = 0.09) to be lower in female vs. male fetuses in the MNR group.

Immunoblots {#S17}
-----------

In males ([Figure 2A](#F2){ref-type="fig"}), all proteins related to white (PPARγ and FABP4 ) and brown (UCP1 and PGC-1α) adipogenesis as well as mitochondrogenesis (COXIV) in *in-vitro* differentiated ASCs from pooled OM, scA and scF adipose tissue samples were higher in MNR than CTR fetuses. In contrast, some of these proteins (PPARγ, UCP1 and COXIV) were unchanged and others (FABP4 and PGC-1α) were lower in MNR than CTR female fetuses ([Figure 2B](#F2){ref-type="fig"}).

Histology {#S18}
---------

The adipocytes per unit area are less abundant in MNR in both sexes (*p* = 0.02) combined indicating that MNR promotes adipocyte hypertrophy ([Table 1](#T1){ref-type="table"}). This effect of the maternal diet was primarily evident in males in whom the difference in adipocyte number per field reached borderline significance (*p* = 0.08) but not in females. However, the female fetuses tended to have a higher number of adipocytes in the omental compared to both subcutaneous depots (p = 0.09) indicating that subcutaneous adipocyte size tend to be larger than the size of omental adipocytes. We found no interaction between maternal diet and depot effects on the adipocyte number per field.

Discussion {#S19}
==========

This study investigated the impact of decreased fetal nutrient availability on differentiation and functional properties of adipose tissue depots in male and female baboon fetuses. Our nonhuman primate model of development in a precocial species provides many advantages and strengths when translating to human development. MNR male fetuses weighed significantly less (approximately 14%) than CTR indicating development of IUGR, while the decrease in fetal weight in females was only 5% in absolute terms and was not statistically significant. The greater slowing of growth in male than female fetuses has been extensively reported and is usually attributed to the faster growth rate in normal male vs. female fetuses^[@R19]^. Thus, male baboon fetuses may have experienced a greater relative degree of nutritional deprivation. The lower abdominal circumference in MNR vs. CTR male fetuses but comparable crown-rump lengths in both groups suggest that the MNR male fetuses may have preferential reduction in total adipose tissue rather than lean mass similar to findings from previously published "ultrasound' studies on human fetal body composition^[@R20],\ [@R21]^. Furthermore, rodent studies on effects of poor maternal nutrition show that body weight changes in the offspring are largely accounted for by variation in body fat^[@R22],\ [@R23]^.

In addition, nutrient deprivation exerted differential effects on adipocyte differentiation between male and female fetuses. Specifically it stimulated mostly brown adipogenesis in male fetuses as judged by the 26-fold increase in *UCP1* gene expression and the modest 1.5-fold increase in the expression of its transcriptional regulator and a marker of white adipogenesis *PPARγ*, and its target genes *FABP4* and adiponectin. These results are similar to the findings of substantial upregulation of *UCP-1* and a concomitant modest increase in several transcriptional regulators \[PGC-1α, PPARα, and type 2 deiodinase (DIO2)\] in response to adrenergic stimulation of adipose tissue in male mice^[@R24]^. Although PPARγ binding sites are present in both the UCP*-1* and *FABP4* promoters, the PPARγ co-activator PGC-1α activates only *UCP-1*^[@R25]^. Additional findings of higher protein expression of UCP-1 together with that of PGC-1α and of the marker of mitochondrial content COXIV^[@R26]^ (brown adipocytes have a high mitochondrial content) in differentiated ASCs of male MNR vs. CTR fetuses provides further support of the overall predominant increase in brown over white adipogenesis. The expression of *UCP1* and *PGC-1α* is in part dependent on adrenergic stimulation by norepinephrine released by sympathetic efferents in white adipose tissue^[@R27]^ through the stimulatory β1-, β2-, and β3-adrenergic receptors and the inhibitory α2-adrenoreceptors (reviewed in ^[@R28]^). We have previously shown in this MNR model that there is a decrease in β1- and no change in β2-receptor levels in the fetal liver at term^[@R29]^ but changes in adipose tissue in this model have not been analyzed. However, *in vitro* studies show that sex hormones differentially affect adrenergic receptor expression in 3T3-L1 preadipocytes and adipocytes^[@R30]^ and maternal under-nutrition during early phases of gestation in male sheep decreases plasma testosterone levels^[@R31]^. These data suggest a potential role of sex hormones in regulating brown adipogenesis through modulation of the adrenergic systems. The reduced adipose tissue mass in the face of comparable adipocyte size in IUGR male fetuses compared to females lends support to the idea of smaller pool of adipocytes and their precursor cells. Given that development of adequate pool of brown adipocytes is a major requirement to provide sufficient thermogenesis for neonatal survival, the overall stimulation of adipogenesis and establishment of more brown than white adipocyte phenotype appear to be adaptive mechanisms to attain the critical number of brown adipocytes.

In contrast to findings in males, MNR did not affect fetal growth and did not stimulate adipogenesis in female fetuses. Indeed there was a decrease in protein expression of FABP4 and PGC-1α. Glucocorticoids are potential mediators that could explain this phenomenon since they are a major factor regulating terminal differentiation in a wide range of fetal tissues^[@R32]^. We have shown increased activity of the fetal hypothalamo-pituitary adrenal axis and elevated fetal circulating cortisol in this MNR model^[@R33]^. Although there are no fetal sex differences in circulating cortisol, we have demonstrated increased local production of cortisol at term that is fetal sex specific, being increased in female adipose tissue but not male and in male liver but not female liver^[@R34]^. Glucocorticoids enhance recruitment of stem cells towards the adipocyte lineage^[@R35]^ and cause adipocyte hypertrophy in primary *in vitro* differentiated porcine adipocytes^[@R36]^. A recent study reports that increased expression and activity of 11 beta-hydroxysteroid dehydrogenase type 1 (11β-HSD1), an enzyme that converts inactive cortisone to the active glucocorticoid cortisol, leads to suppression of genes characteristic of brown adipose tissue. We recently demonstrated increased activity of 11β-HSD1 in female but not male adipose tissue in this MNR model at term^[@R34]^. We hypothesize that increased local production of cortisol stimulates prenatal differentiation by switching adipocyte differentiation from the fetal brown fat-like to white fat type. If this occurs too late -- in the MNR males, or too early in the MNR females it may be maladaptive, predisposing to obesity and insulin resistance. However, further studies are required to identify the molecular mechanisms underlying these interesting sex differences.

An alternative mechanism may involve genes encoding transcription factors regulating embryonic and fetal development and pattern specification based on data from transcriptional profiling studies in rodents and humans showing depot- and sex-dependent differences in their expression^[@R37]--[@R40]^. The expression of several developmental genes, *TBX15*, *GLYP4*, and *HOXA5*, correlates with levels of obesity (body mass index) and fat distribution (waist-to-hip ratio)^[@R39]^. We focused on TBX15 as it is expressed predominantly in brown adipose tissue and in those white adipose depots that are capable of giving rise to brown-in-white adipocytes^[@R41]^. Also, siRNA-mediated silencing of *TBX15* expression in primary preadipocyte cultures from epididymal white and interscapular brown adipose tissue from 129/Sv mouse pups down-regulates the adipogenic genes (*PPARγ* and *FABP4*) and the brown phenotypic marker genes (*PRDM16, PGC-1α, COXIV, UCP1*) in brown adipocytes. Our findings of decreased expression of *TBX15* gene in females and a trend for increased expression in male fetuses from MNR mothers could explain the trend for decreased adipogenesis in females and, in part, the enhanced white and particularly brown adipogenesis in male fetuses. It is noteworthy that the CTR females show increased *TBX15* expression compared to CTR males. This corresponds to the higher expression of UCP1 in adult women compared to men^[@R42]^ suggesting a possible contribution of TBX15 to development of brown phenotype of white adipose tissue in adulthood. Recent evidence shows a relationship of *UCP1* mRNA abundance with a member of the homeobox group of developmental genes, *HOXA1* in the perinatal period^[@R11]^. Furthermore, *HOXA2* gene \[located adjacent to *HOXA1* gene on chromosome 7 and thus theoretically its expression will overlap with that of *HOXA1* both spatially (same adipose tissue sites) and temporally (same fetal period)\] is expressed more in men compared to women^[@R43]^. Together, these data suggest that both *HOXA1 and HOXA2* may be additional candidates for the sex-dependent regulation of fetal brown adipogenesis. Future studies of sex-differences in ontogeny of expression of an extended panel of embryonic patterning and developmental genes are warranted to gain a better understanding about their role as mediators of sex-hormone related intrinsic identity of preadipocytes and subsequent sex-specific adipose tissue programming events.

It remains to be shown how these responses of adipocyte differentiation affect adipose tissue function and metabolic health in adulthood. Studies investigating the dynamics of adipocyte cellularity with weight gain, using a cross-sectional design^[@R44]^ or obtained longitudinally by serial biopsies of inguinal adipose tissue depots^[@R45]^ suggest an oscillatory pattern of adipose tissue remodeling, involving simultaneous and repetitive cycles of hyperplasia, hypertrophy, and hypoplasia (decreased adipocyte number), presumably reflecting proliferation and differentiation of adipocyte precursor cells, development of mature adipocytes, and apoptosis, respectively. Interestingly, the rate of enlargement of adipocytes (hypertrophy) is proportional to the difference between the lipid load and the storage capacity of adipocytes^[@R45]^, which likely depends on both adipocyte number and metabolic properties. The high rate of adipocyte hypertrophy and low contribution of hyperplasia in white adipose tissue predispose some individuals to increased susceptibility to apoptosis, increased initiation of a local inflammatory response (infiltration of adipose tissue with immune cells and increased secretion of pro-inflammatory molecules by immune cells and adipocyte precursor cells)^[@R46]^. Given that maternal under nutrition appears to reduce the preadipocyte pool in males but to maintain or increase the abundance of preadipocyte in females suggest that males may be preconditioned to develop adipocyte hypertrophy, and hence local inflammation, more readily than females. This predisposition may be further enhanced by a potential catch up postnatal growth observed in IUGR^[@R47]^. In support, a study of developmental ontology in ovine fetuses and early newborns shows that the intrauterine nutritional environment elicits a lower inflammatory response prenatally with higher local inflammation in adipose tissue in offspring suggesting a possible role of inflammation in mediating, the long-term unfavorable metabolic consequences of poor maternal nutrition^[@R48]^.

An important question that arises is whether the increased expression of UCP1 and/or increase in brown versus white adipose tissue could potentially lead to increased energy expenditure in these MNR male fetuses and how to reconcile this possibility with the increased risk of obesity documented in small for gestational age newborn babies^[@R7]^. Brown adipocytes are only present in large numbers during the perinatal and early postnatal periods. It is not known whether these brown adipocytes transdifferentiate into white adipocytes or are lost due to increased cell death. Also, it is not known whether the brown-to-white transdifferentiated adipocytes during early postnatal growth retain a higher expression of β3-adrenoreceptors which appears to be critical for the appearance of brown adipocytes in response to cold stimulation^[@R49]^ or emerge *de novo* as a new population. Lastly, there is no consensus yet whether the expression of UCP1 or the increased brown versus white adipose tissue is fundamental to body weight regulation^[@R50]^. Further longitudinal studies of the dynamic changes in brown features of postnatal adipocytes are needed to fill in these gaps of knowledge.

In conclusion, the parallel evaluation of white and brown adipogenesis in fetal adipose tissue development suggest that the control of adipogenesis and the establishment of brown/white adipocyte phenotype may be an important target for nutritional reprogramming of adipogenesis and thermogenesis in response to suboptimal nutrition. Our data support the emerging view that challenges in pregnancy can have differential effects in the presence of a male or female fetus as shown here in the different response of the female MNR fetus which adapts while the male fetus continues on the fetal brown adipose tissue track in a relatively non-adaptive fashion. Our findings further reinforce the need to observe and compare responses according to fetal sex when assessing developmental programming of adiposity in response to sub-optimal maternal nutrition.
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![Sex-dependent expression of white (*PPARγ*, adiponectin, *FABP4*) and brown (*UCP1*, *TBX15*) adipocyte differentiation-related genes in 9-day differentiated adipose-derived stromal-vascular cell cultures from omental, subcutaneous abdominal and subcutaneous femoral adipose tissue combined in CTR and MNR baboon fetuses (5 males and 5 females in each treatment group).](nihms489011f1){#F1}

###### 

Immunoblotting of proteins related to white (PPARγ and FABP4 ) and brown (UCP1 and PGC-1α) type of adipocyte differentiation and mitochondrial biogenesis (COXIV) in pooled samples from differentiated omental, subcutaneous abdominal and subcutaneous femoral adipose tissue samples from male (panel A) and female (panel B) baboon fetuses; Mean ± SEM; n=3 for both fetuses of CTR and MNR mothers. Of note, PPARγ protein expression was assessed in a separate blot and protein from brown adipose tissue of mice was used as a positive control for UCP1.
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###### 

Adipocyte number per area (mm^2^) in ten CTR and ten MNR fetuses (5 males and 5 females in each treatment group) by maternal diet and depot

  Fetuses      CTR        MNR        *p* value   OM          scA        scF        *p* value
  ------------ ---------- ---------- ----------- ----------- ---------- ---------- -----------
  Female       543 ± 60   361 ± 42   0.3         652 ± 89    409 ± 55   354 ± 37   0.095
  Male         638 ± 99   431 ± 32   0.08        651 ± 109   434 ± 62   498 ± 91   0.7
  Both sexes   589 ± 57   397 ± 26   **0.02**    651 ± 70    420 ± 40   425 ± 51   0.4

Values are mean ± SE.
